The action of several proteolytic enzymes on the surface of nucleated red cells (chicken) was investigated by isoelectric focusing of the released mucopeptides. It was found, that each protease splits off a characteristic mucopeptide pattern. In addition to these glycoproteinderived substances, a phosphorus-containing fraction was also liberated. Similar observations were made with duck erythrocytes.
The action of several proteolytic enzymes on the surface of nucleated red cells (chicken) was investigated by isoelectric focusing of the released mucopeptides. It was found, that each protease splits off a characteristic mucopeptide pattern. In addition to these glycoproteinderived substances, a phosphorus-containing fraction was also liberated. Similar observations were made with duck erythrocytes. In previous papers we have investigated the heterogeneity of genuine erythrocyte mucoids from several sources by using the isoelectric focusing fractionation procedure (1, -2). In the course of these investigations we also included experiments dealing with the mucopeptide fractions, released by the action of one proteolytic enzyme, pronase, on different red cells. The aim of this report is to demonstrate the heterogeneity of mucopeptides removed from the red cells of one species by different proteases. For this purpose we chose chicken erythrocytes, as we have already shown that mucopeptides derived from nucleated red cells have some remarkable and interesting biochemical properties (2), which will be further discussed in the present work. 4 buffer according to SÖRENSEN, and 0.325M NaCl, pH 7,0 as described previously (1) . Isolation of mucopeptides: Erythrocyte mucopeptides were prepared by cold phenol/saline (v/v) extraction of the supernatant of the incubation mixture after enzyme treatment (4). The filtered and centrifuged water layer was dialysed against distilled water and subsequently lyophilized. This substance was then used as starting material for the isoelectric focusing fractionation (1, 2).
Material and Methods

Isoelectric focusing:
The method of isoelectric focusing has already been described in detail (1). For further details see explanations in Figure 1 .
Analytical Methods
All analytical methods, neuraminic acid estimation with BIALS reagent and protein determination after LOWRY, have already been described in our previous paper on this subject (1, 2). In addition, phosphorus was estimated according to the method of TORSTEN TEORELL (5), because phosphorus-containing fractions had been found when analysing the mucopeptides from nucleated red cells, e. g., duck red cells (2).
Results
The results of our experiments are given in figure 1. This figure demonstrates, that under the same incubation conditions (30 min at 37°), using an enzyme concentration of 0.01%, not only different amounts of mucopeptides are released from the same volume of packed red cells (300 m/), but also various sorts of different mucopeptides, giving a characteristic pattern, which depends on the enzyme used. This enzymecharacteristic pattern is revealed by the fractionation of the released mucopeptides by isoelectric focusing. This picture can hardly be influenced by individual variation, as we pooled blood from several hundred individual chickens. The heterogeneity of the neuraminic acidcontaining fractions at the beginning of the curve in the acid pH area should be mentioned. As Table 1 shows, this heterogeneity is due to a different content of neuraminic acid and phosphorus within each fraction, and at each isoelectric point, both of which vary according to the enzyme used for the release of the mucopeptides.
In Table 1 quantitative analytical data of the different fractions from each sample are given. First of all there are obvious differences in the analyses of the material, which has been split off by the different enzymes. This holds especially for the neuraminic acid and phosphorus content, where marked differences can be noticed (for instance fungal proteinase and trypsin preparation). The neuraminic acid is usually enriched in the acid fractions with regard to the pH gradient. This can be observed in all samples, irrespective of the protease used. On the other hand, the phosphorus content, which is not l\ Λ "in mm ι er ι altered by lipid extraction of the fractions, shows a random distribution over all fractions, but there is no enrichment or accumulation of this material by this fractionation procedure. This is explained by the fact, that, when the starting material was brought together with ampholine solution, a certain amount of the phosphorus-containing, gelatinous and viscous substance was precipitated and could not be recovered by resolubilisation in aqueous solutions. The precipitin effect of the ampholine was complete in the last three samples (subtilisin, pronase and oc-Chymotrypsin) as can be seen in Table 1 . The phosphorus content in these materials is relatively high, if one considers, that pure phospholipid preparations usually contain 3.0 to 3.5% phosphorus. The protein estimation demonstrates, that besides neuraminic acid-containing glycoproteins there are also smaller amounts of neutral glycoproteins or even pure protein material (1, 2).
Discussion
Our results lead to the conclusion, that the different specificity of proteolytic enzymes can also be demonstrated by their action on red cell surfaces. This implicates not only that a comparison between different proteases by this method is possible, but also, that, by using different enzymes, several mucopeptide fractions, which are not completely identical, can be obtained. This provides the possibility of a subsequent protease treatment of the cell surface and of inactivating different antigenic or topographic areas within the surface glycoprotein coat. The relatively high phosphorus content in these preparations of mucopeptides, which has not been found in preparations from non-nucleated cells, is very interesting. This observation has been confirmed in this and Prof. KLENKS laboratory several times, when working with nucleated cells from different sources and was first described in 1962 by SEAMAN and UHLEN-BRUCK (6) as a nucleic acid (phosphorus and ribose containing) fraction, released by α-chymotrypsin from chicken red cells. We rechecked the phosphorus content of these earlier preparations and found no difference to the preparations made ten years later from other chicken blood red cells. The occurence of nucleic acid material on the surface of nucleated red cells must be considered in the light of the clinical observation that these cells do react with anti-nucleic acid antibodies (so -called Lupus erythematodes serum from patients with certain autoimmune diseases) (7). On the other hand, the rise in the electrophoretic mobility in chicken and other nucleated red cells after protease treatment (8), a change, which is resistant to neuraminidase treatment, may be due to the appearence of phosphorus-containing groups on the electrokinetic active surface (zefcipotential) of these erythrocytes, in spite of the fact, that this material can be partly removed by the action of proteases, as our experiments have proven. The substance is also "visible" as a very gelatinous mass after the enzyme incubation of the cells, a phenomenon, already described earlier (2, 6), and can be precipitated and enriched by the action of ampholine. This we have mainly observed with the fractions obtained with subtilisin and <x-chymotrypsin, whereas the amount of phosphorus released by these enzymes is obviously lower as compared with the papain and trypsin samples. The importance of our findings is not restricted to nucleated red cells, because other authors (9) have also described ribonuclease susceptible charged groups at the surface of Ehrlich ascites tumor cells. Accordingly, future studies will attempt to confirm the concept, that ribonucleic acid must be regarded as a structural component of the cell periphery. However it is yet unknown, by what mechanism nucleic acid material can be partly removed from the cell surface by proteases, ·/. Due to lack of substance test not carried out.
which themselves do not contain any phosphorus. Two possibilities offer themselves: the nucleic acid material is more or less loosely associated with the outer glycoprotein coat of the cell and is set free by releasing this coat. The other probability would be, that after the action of proteases a leakage of chicken red cell nucleic acid through the membrane could be possible. Further experiments will deal with the characterisation of the phosphorus-containing fraction by other methods, and will be reported in a second communication on this subject.
